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DESCRIPTION 
CATALYST FOR PURIFYING EXHAUST GASES 

AND 

METHOD OF EVALUATING LOW -TEMPERATURE PURIFYING ABILITY 

OF THE SAME 
Technical Field 

[OOOl] The present invention relates to a catalyst for 
purifying exhaust gases in which a catalytic ingredient is loaded 
on a support comprising a ceria component at least. Moreover, it 
relates to a method of evaluating the purifying ability of the 
catalyst in low temperature regions. 

Background Art 

10002] As for catalysts for purifying automotive exhaust gases, 
three-way catalysts have been used conventionally to purify them. 
The three-way catalysts oxidize CO and HC in the exhaust gases, 
and simultaneously reduce NO x therein. As for one of such 
three-way catalysts, a three-way catalyst has been known widely 
which comprises a heat-resistant honeycomb substrate composed of 

cordierite, a support layer composed of y -alumina and formed on 
the substrate, and a catalytic ingredient, such as platinum (Pt) 

and rhodium (Rh) , loaded on the loading layer, for instance. 

[0003] As the requirements for the supports used in catalysts 
for purifying exhaust gases, it is required to have a large specific 
surface area and to exhibit high heat resistance. In general, 
alumina, zirocnia and titania have been used often. Moreover, it 
has been carried out as well to combinedly use ceria (Ce0 2 ) having 
an oxygen sorbing-and-releasing ability (hereinafter referred to 
as "OSC") as a co-catalyst in order to enhance the purifying ability 
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by relieving the atmospheric fluctuation of exhaust gases. 

[0004] However, ceria is likely to cause granular growth in high 
temperature regions . Accordingly, there arises a problem that the 
loaded catalytic ingredient also undergoes granular growth to 
degrade the catalytic activity. Consequently, it has been carried 
out as well to stabilize ceria by adding zirconia thereto and to 
use Ce0 2 -Zr0 2 composite oxides (or solid solutions) whose heat 
resistance is improved as the support. 

[0005] For example, Japanese Unexamined Patent Publication 
(KOKAI) No. 8-215,569 discloses a technique using a Ce0 2 -Zr0 2 
composite oxide which is prepared from metallic alkoxides. In 
Ce0 2 -Zr0 2 composite oxides which are prepared from metallic 
alkoxides by sol-gel methods, the heat resistance of the resulting 
Ce0 2 -Zr0 2 composite oxides is improved, because the Ce0 2 -Zr0 2 
composite oxides are in the state of solid solution that Ce and 
Zr are composited at atomic or molecular level . Moreover, the thus 
obtained Ce0 2 -Zr0 2 composite oxides exhibit a high OSC securely 
from the initial period to even after a durability test. 

[0006] A catalyst with a catalytic ingredient loaded on a Ce0 2 -Zr0 2 
composite oxide has an advantage that the granular growth of the 
catalytic ingredient is less likely to occur compared with a 
catalyst with a catalytic ingredient loaded on alumina. On the 
other hand, a catalyst comprising a support consisted of a Ce0 2 -Zr0 2 
composite oxide only suffers from a problem that the high- 
temperature purifying activity is low compared with a catalyst 
with a catalytic ingredient loaded on alumina. Hence, it has been 
carried out to use a mixture of Ce0 2 -Zr0 2 composite oxides and 
porous oxides, such as alumina, as a support. 
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[ 00071 For instance, Japanese Unexamined Patent Publication 
(KOKAI) No. 2000-176,282 discloses a catalyst for purifying 
exhaust gases. The catalyst comprises a support made of a mixture 
of an oxide solid solution, composed of a Ce0 2 -Zr0 2 solid solution 
that is further composited with an oxide of rare-earth elements, 
and a porous oxide, such as alumina, and a noble metal loaded on 
at least one of the oxide solid solution and the porous oxide. 
The catalyst is excellent in terms of the durability of purifying 
ability, because it shows a high OSC, and because the OSC is 
inhibited from degrading after a durability test. 

[0008] In the conventional catalyst for purifying exhaust gases 
in which the support is made of the mixture of Ce0 2 -Zr0 2 solid 
solutions and porous oxides such as alumina, it is desirable to 
enlarge the compounding amount of Ce0 2 -Zr0 2 solid solutions in 
order to further inhibit the granular growth of catalytic 
ingredients. However, it has been found out that, when the 
compounding amount of Ce0 2 -Zr0 2 solid solutions is enlarged, the 
purifying ability of the resulting catalysts has been degraded 
in low temperature regions . 

Disclosure of Invention 

[0009] The present invention has been developed in view of such 
circumstances . It is therefore an ob j ect of the present invention, 
in a catalyst for purifying exhaust gases in which a catalytic 
ingredient is loaded on a support comprising at least an oxide 
comprising cerium, to further suppress the granular growth of the 
catalytic ingredient by enlarging the compounding amount of an 
oxide including a ceria component as much as possible, and 
simultaneously to suppress the degradation of purifying ability 
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in low temperature regions. 

[OOIO] Moreover, it is another object of the present invention 
to make it possible to readily and reliably evaluate the low- 
temperature purifying ability of a catalyst for purifying exhaust 
gases in which a catalytic ingredient is loaded on a support 
comprising at least an oxide comprising cerium. 

[OOll] A catalyst for purifying exhaust gases according to the 
present invention solves the aforementioned problems, and 

comprises : 

a support comprising at least an oxide comprising cerium; 

and 

a catalytic ingredient loaded on the support; and 
exhibiting a value of an oxygen sorbing amount with respect 
to a heat capacity, an oxygen sorbing amount/heat capacity value, 
falling in a range of from 4 X 1CT 3 to 8 X 1CT 3 (g- J^-K) . 

[0012] Note that it is especially preferable that the oxygen 
sorbing amount/heat capacity value can fall in a range of from 

5 X 1CT 3 to 7 X 1CT 3 (g-J^-K). 

[0013] Moreover, according to the present invention, a method 
of evaluating a purifying ability of a catalyst in low temperature 
regions, the catalyst comprising a support comprising at least 
an oxide comprising cerium, and a catalytic ingredient loaded on 
the support, comprises the steps of: 

assuming a heat capacity and an oxygen sorbing amount of 
the catalyst; and 

evaluating the low-temperature purifying ability of the 
catalyst to be excellent when a value of the oxygen sorbing amount 
with respect to the heat capacity, an oxygen sorbing amount/heat 
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capacity value, falls in a range of from 4 X 10~ 3 to 8 X 10~ 3 
(g-J^-K) . 

1 0014 ] Note that it is desirable that the low-temperature 
purifying ability of the catalyst can be evaluated to be more 
excellent when the oxygen sorbing amount/heat capacity value falls 
in a range of from 5 X 10" 3 to 7 X 10~ 3 (g-J^-K) . 

Brief Description of the Drawing 

[0015] Fig. 1 is a graph for showing the relationship between 
the oxygen sorbing amount/heat capacity value exhibited by each 
catalyst used in testing examples and the time for reaching HC 
50% conversion exhibited by the same. 

Best Mode for Carrying out the Invention 

[0016] In the present method of evaluating the low-temperature 
purifying ability, the low-temperature purifying ability of a 
catalyst for purifying exhaust gases is evaluated to be excellent 
when the oxygen sorbing amount/heat capacity value falls in a range 

of from 4 X 10" 3 to 8 X 10~ 3 (g • J" 1 • K) . Because the present catalyst 
whose oxygen sorbing amount/heat capacity value falls in the range 
exhibits a high catalytic activity in low temperature regions, 
it shows a high purifying activity even when starting engines. 
When enlarging the ceria component so as to let the oxygen sorbing 
amount/heat capacity value fall in the aforementioned range, the 
present catalyst is improved in terms of the heat-resistant 
durability greatly, because it can not only demonstrate a high 
OSC but also suppress the granular growth of the catalytic 
ingredient . 

[0017] As for the oxide comprising cerium, it is possible to 
exemplify Ce0 2 , Ce0 2 -Zr0 2 composite oxides (or solid solutions) 
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and Al 2 0 3 -Ce0 2 -Zr0 2 composite oxides. Moreover, it is preferable 
to use composite oxides further comprising at least one element 
selected from the group consisting of rare-earth elements except 
cerium. When the composite oxides further comprise at least one 
additive rare-earth element, the resulting catalyst is improved 
in terms of the heat resistance, and is simultaneously furthermore 
upgraded in terms of the OSC. 

[ 0018 ] When using Ce0 2 -Zr0 2 composite oxides as the oxide 
comprising cerium, it is further preferred that a Ce/Zr atomic 
ratio is in a range of 1/9-9/1 by mol, and or especially in a range 
of 3/7-7/3 by mol . When the Ce element is less than the lower limit, 
the absolute OSC might be apt to be insufficient. When the Zr 
element is less than the lower limit, the heat-resistant stability 
of the resulting Ce0 2 -Zr0 2 composite oxides might be apt to degrade . 

[0019] Moreover, as for the aforementioned additive rare-earth 
element, it is preferable to use La, Pr, Nd and Sm. Note that it 
is especially preferable to use at least one of La and Pr. With 
respect to the composite oxides comprising cerium and the additive 
rare-earth element taken as 100% by weight, it is preferable that 
the additive rare-earth element is in an amount of from 5 to 20% 
by weight as oxide. When the amount of the additive rare-earth 
element is less than the lower limit, the effect of the additive 
rare-earth element might be small . When the amount of the additive 
rare-earth element is more than the upper limit, not only the 
addition effect saturates but also the purifying ability of the 
resulting composite oxides might degrade because the amount of 
the ceria component decreases relatively. 
[0020] The support used in the present catalyst comprises at least 
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an oxide comprising cerium. The support can be made of the 
aforementioned oxide comprising cerium alone. Alternatively, it 
is preferable to make the support by mixing the oxide with the 
other oxides such as alumina. In this instance, the resulting 
catalyst demonstrates a stable catalytic activity from low 
temperature regions up to high temperature regions, because the 
purifying ability in high temperature regions is improved by 
mixing the oxide with a pours oxide such as alumina. Moreover, 

* 

when mixing the oxide with an oxide such as alumina, the degree 
of expansion/contraction of the resultant support becomes small. 
Thus, it is possible to suppress such a drawback that a coating 
layer comes off a support substrate. 

[002l] The oxide comprising cerium exhibits a relatively large 
heat capacity. On the other hand, a porous oxide such as alumina 
exhibits a relatively small heat capacity. Moreover, only the 
oxide comprising cerium substantially exhibits an oxygen sorbing 
amount. Therefore, in order to set the oxygen sorbing amount/heat 
capacity value of catalysts so as to fall in the aforementioned 
range, it is preferable to control the value by the mixing amount 
of the oxide comprising cerium with a porous oxide such as alumina. 

[0022] It is possible to produce composite oxides, such as 
Ce0 2 -Zr0 2 composite oxides or composite oxides comprising an oxide 
of the additive rare-earth elements, by alkoxide methods or 
co-precipitation methods. Among them, the co-precipitation 
methods produce an advantage that the resulting composite oxides 
are less expensive, because the raw material cost is less expensive 
compared with the alkoxide methods. Hence, the co-precipitation 
methods have been used widely in the production of composite 
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oxides . 

[00231 As for the catalytic ingredient loaded on the support, 
it is possible to use one member or a plurality of members selected 
from the group consisting of platinum-group elements such as Pt, 
Rh, Pd and Ir. Among them, it is preferable to load both of highly 
active Pt and Rh on the support. Moreover, when the support is 
composed of a mixture of the oxide comprising cerium and the other 
oxide such as alumina, it is preferable to load the catalytic 
ingredient mainly on the oxide comprising cerium. Specifically, 
it is preferable to load from 20 to 100% by weight, further from 
50 to 100% by weight, furthermore from 80 to 100% by weight of 
the catalytic ingredient on the oxide comprising cerium. Thus, 
it is possible to furthermore suppress the granular growth of the 
catalytic ingredient at high -temperatures. As a result, the 
resulting catalyst is furthermore improved in terms of the 
heat-resistant durability. Note that the loading amount of the 
catalytic ingredient can preferably fall in a range of from 0.1 
to 10% by weight with respect to the sum of the support and the 
catalytic ingredient taken as 100% by weight. 

[0024] When assuming the heat capacity of the catalyst, it is 
advisable to assume the heat capacity of the support only, because 
the loading amount of the catalytic ingredient is extremely less 
so that the heat capacity of the catalytic ingredient can be ignored. 
When the respective heat capacities of oxide species included in 
the support are known, it is possible to assume the heat capacity 
of the support by calculation using the content ratio of each oxide 
species therein which is found in advance. Moreover, it is 
preferable to determine the oxygen sorbing amount of the present 
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catalyst by actually measuring it, because the oxygen sorbing 
amount depends not only on the content of the ceria component but 
also on the species and the loading amount of the loaded catalytic 
ingredient. The measurement of the oxygen sorbing amount can be 
carried out with ease by detecting an oxygen concentration in inlet 
exhaust gases and an oxygen concentration in outlet exhaust gases. 

[0025] Namely, the present catalyst for purifying exhaust gases 
is excellent in terms of the purifying ability in low temperature 
regions, and is excellent in terms of the durability as well. 
Moreover, the present evaluation method can easily and securely 
evaluate the low-temperature purifying ability of catalysts, and 
can sharply reduce the man-hour requirements required for 
designing and developing catalysts for purifying exhaust gases, 

EXA MPLE S 

[0026] Hereinafter, the present invention will be described in 
detail with reference to experimental examples. 

(Catalyst No. 1) 

[0027] First, two commercially available Ce0 2 -Zr0 2 solid solution 
powders were prepared- These solid solution powders differed in 
that the composition ratio of the respective oxides was different 
as set forth below. In order to distinguish them, the solid 
solution powder in which Ce0 2 was present more than Zr0 2 will be 
hereinafter referred to as a Ce-Zr solid solution powder, and the 
solid solution powder in which Zr0 2 was present more than Ce0 2 will 
be hereinafter referred to as a Zr-Ce solid solution powder. 

Ce-Zr Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 0 5 : La 2 0 3 = 60 : 
30 : 5 : 5 by weight) 

Zr-Ce Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 0 5 : La 2 0 3 = 30 : 
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60 : 5 : 5 by weight) 

[0028] 200 g of the Ce-Zr solid solution powder was impregnated 
with a predetermined amount of a platinum dinitrodiammine aqueous 
solution having a prescribed concentration, and was calcined at 

500°C after evaporation to dryness, thereby loading Pt in an amount 
of 1.5 g. 

[0029] 120 g of the Zr-Ce solid solution powder was impregnated 
with a predetermined amount of a rhodium nitrate aqueous solution 

having a prescribed concentration, and was calcined at 500 °C after 
evaporation to dryness, thereby loading Rh in an amount of 1.5 

g. 

[0030] All of the resulting two catalytic powders were mixed with 
each other, and were further mixed with 40g of an alumina powder, 
alumina sol and an appropriate amount of water, thereby preparing 
a slurry. Note that the alumina content of the alumina sol was 
20 g as solid. Then, a honeycomb substrate was immersed into the 
slurry, and was taken up therefrom to remove the excessive slurry 
by suction. Note that the honeycomb substrate was made of 
cordierite and had a volume of 1 L. After drying the slurry, the 

honeycomb substrate was calcined at 250 °C to form a coating layer, 
thereby preparing Catalyst No . 1. Table 1 recites the composition 
of the coating layer. 

(Catalyst Nos. 2 through 8) 

[0031] Except that the same Ce-Zr solid solution powder and Zr-Ce 
solid solution powder as used in Catalyst No. 1 were used so as 
to set the composition of the coating layer as recited in Table 
1 for each coating layer, each of Catalyst Nos. 2 through 8 was 
prepared in the same manner as Catalyst No. 1. 
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(Catalyst No. 9) 

[0032] Except that a Ce-Zr solid solution powder and a Zr-Ce solid 
solution powder having the following compositions were used, 
Catalyst No. 9 was prepared in the same manner as Catalyst No. 
3. 

Ce-Zr Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 0 5 : La 2 0 3 = 55 : 
35 : 5 :5 by weight) 

Zr-Ce Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 0 5 : La 2 0 3 = 25 : 
65 : 5 : 5 by weight) 

(Catalyst No. 10) 

[0033] Except that a Ce-Zr solid solution powder and a Zr-Ce solid 
solution powder having the following compositions were used, 
Catalyst No. 10 was prepared in the same manner as Catalyst No. 
3. 

Ce-Zr Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 O s : La 2 0 3 = 70 : 
20 : 5 : 5 by weight) 

Zr-Ce Solid Solution Powder (Ce0 2 : Zr0 2 : Pr 2 0 5 : La 2 0 3 = 35 : 
55 : 5 : 5 by weight) 
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Experimental Examples> 

I 0034] The heat capacity of the coating layer in the above- 
described respective catalysts was found by calculation. Table 
1 summarizes the results. 

[0035] Next, each of the catalysts was disposed in an exhaust 
system of a bench-testing apparatus equipped with a 4 . 3-L gasoline 
engine boarded, respectively, and a 100-hour durability treatment 
was carried out at a catalyst-bed temperature of 1, 000 °C. Each 
of the catalysts after the durability treatment was kept to be 
disposed in the exhaust system of the bench- testing apparatus, 
respectively, and exhaust gases whose A/F was vibrated in a 
specific cycle were flowed through the bench-testing apparatus 

at a catalytic-bed temperature of 670 t . While flowing the 
exhaust gases, each catalyst was examined for the oxygen sorbing 
amount by detecting the signal variations of an A/F sensor disposed 
on an upstream side of the catalyst and an 0 2 sensor disposed on 
a downstream side thereof. Table 1 recites the results . Moreover, 
the oxygen sorbing amount/heat capacity value was calculated for 
each catalyst. Table 1 summarizes the results. 

[0036] Moreover, each of the catalysts after the durability 
treatment was kept to be disposed in the exhaust system of the 
above-described bench-testing apparatus, respectively, the 

catalyst-bed temperature was set at 50 °C, and 400 °C exhaust gases 
were introduced into each of the catalysts . In this instance, each 
catalyst was measured for the HC conversion with time. Moreover, 
the time required for the HC conversion to be 50% (i.e., time for 
reaching HC 50% conversion) was calculated for each catalyst. 
Table 1 recites the results. 
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[0037] In Fig. 1, the oxygen sorbing amount/heat capacity value 
and the time for reaching HC 50% conversion are plotted for each 
catalyst. From Fig. 1, when the oxygen sorbing amount/heat 
capacity value fell in a range of from 4 X 10" 3 to 8 X 10" 3 (g-J^-K), 
the time for reaching HC 50% conversion was less than 18 seconds. 
Accordingly, it is apparent that Catalyst Nos. 3, 4, 6, 8, 9 and 

* 

10 exhibiting such a value were excellent in terms of the HC 
purifying ability in low temperature regions even after the 
durability treatment. Moreover, when the oxygen sorbing 
amount/heat capacity value fell in a range of from 5 X 10" 3 to 7 
X 10~ 3 (g'J^-K), the time for reaching HC 50% conversion became 
less than 16 seconds. Consequently, it is evident that Catalyst 
Nos. 3, 6, 9 and 10 were much more excellent in terms of the HC 
purifying ability in low temperature regions even after the 
durability treatment. Note that, as far as being a catalyst 
demonstrating a high conversion after the durability treatment, 
it is needless to say that such a catalyst can show a high conversion 
as well in the initial period before being subjected to the 
durability treatment. 
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